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Background: Intra-class correlation coefﬁ  cients (ICCs) provide a statistical means of testing the reliability. However, their inter-
pretation is not well documented in the orthopedic ﬁ  eld. The purpose of this study was to investigate the use of ICCs in the ortho-
pedic literature and to demonstrate pitfalls regarding their use.
Methods: First, orthopedic articles that used ICCs were retrieved from the Pubmed database, and journal demography, ICC mod-
els and concurrent statistics used were evaluated. Second, reliability test was performed on three common physical examinations 
in cerebral palsy, namely, the Thomas test, the Staheli test, and popliteal angle measurement. Thirty patients were assessed by 
three orthopedic surgeons to explore the statistical methods testing reliability. Third, the factors affecting the ICC values were ex-
amined by simulating the data sets based on the physical examination data where the ranges, slopes, and interobserver variability 
were modiﬁ  ed.
Results: Of the 92 orthopedic articles identiﬁ  ed, 58 articles (63%) did not clarify the ICC model used, and only 5 articles (5%) 
described all models, types, and measures. In reliability testing, although the popliteal angle showed a larger mean absolute dif-
ference than the Thomas test and the Staheli test, the ICC of popliteal angle was higher, which was believed to be contrary to the 
context of measurement. In addition, the ICC values were affected by the model, type, and measures used. In simulated data sets, 
the ICC showed higher values when the range of data sets were larger, the slopes of the data sets were parallel, and the interob-
server variability was smaller. 
Conclusions: Care should be taken when interpreting the absolute ICC values, i.e., a higher ICC does not necessarily mean less 
variability because the ICC values can also be affected by various factors. The authors recommend that researchers clarify ICC 
models used and ICC values are interpreted in the context of measurement.
Keywords: Reliability, Intraclass correlation coefﬁ  cient, Orthopaedic research
By defi  nition, reliability means yielding the same or com-
patible results in diff  erent clinical experiments or statisti-
cal trials. Reliability is an important concept in medical 
practice because it can be used to reduce errors during 
diagnostic evaluations, during the analysis of responses to 
questionnaires, and even during surgical procedures. Any 
examination or procedure viewed as reliable would need 
to produce similar results regardless of time, environment, 
or examiner.
Various statistical methods can be used to test reli-
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ability according to the characteristics of the data (categor-
ical or continuous) and the contexts of testing variables, 





4) and intraclass 
correlation coeffi   cients (ICC).
5) Of these, ICC is commonly 
used to determine the test reliability of continuous vari-
ables. It is known to be derived from repeated measures of 
analysis of variance,
6) which produces values that are clos-
est to the formal defi  nition of reliability. In addition, ICCs 
can be determined for categorical data.
7)
However, ICCs can be determined using different 
models (one way random, two way random, and two way 
mixed), types (absolute agreement or consistency), and 
measures (single or average measurements), which can re-
sult in diff  erent values and confuse researchers wanting to 
select an appropriate ICC model, type, or measure.
5) In ad-
dition, ICC values are believed to be sensitive to between-
target variability (subject variability) even though they 
refl  ect within-target variability (measurements errors) (Fig. 
1).
5) Subject variability concerns variations from ‘true’ val-
ues in a target population, that is, range of target measure-
ment.
Subject variability can cause unreasonably low or 
high ICC values when measurement errors are fi  xed. Fur-
thermore, ICC values convey only statistical information, 
and could exclude clinical information. The problems 
outlined above often lead to exaggerated or distorted re-
sults, and disparities between statistical results and clinical 
interpretations. 
Th   is study investigated the use of ICCs in the ortho-
pedic literature, to demonstrate the pitfalls of their use in 
orthopedic physical examinations and the resulting simu-
lated data.
METHODS
Institutional review board approval was obtained prior to 
the study. 
The first part of this study involved reviewing or-
thopedic articles that used ICCs and described models, 
types, and measures used along with article demographics. 
The second part involved reliability testing on 3 repre-
sentative physical examinations in cerebral palsy, which 
were popliteal angle, the Th   omas test, and the Staheli test. 
Th   ree orthopaedic surgeons assessed 30 patients and the 
interobserver reliability was evaluated using several statis-
tical methods to explore the clinical implication of ICCs. 
Informed consent was obtained from all patients. Third, 
simulated data sets were generated from physical examina-
tions using the multivariate normal distribution to dem-
onstrate the effect of the ranges (subject variability) and 
slopes of the data sets.
In the fi  rst part, orthopedic articles that used ICCs 
for reliability testing were retrieved from the Pubmed 
database in June 2010 using the following search terms; 
(“orthopaedic” [All Fields] OR “orthopedic” [MeSH 
Terms] OR “orthopaedics” [All Fields] OR “orthopedics” 
[All Fields]) AND intraclass [All Fields] AND correlation 
[All Fields] AND coeffi   cient [All Fields]. Original articles 
written in English and categorized as ‘orthopedics’ in the 
Thompson Scientific Journal Citation Report database 
(JCR 2008) were included - review articles were excluded. 
These articles were reviewed by an orthopedic surgeon. 
The reviewer determined whether the model, type, and 
measures of the ICC had been clarifi  ed, and classifi  ed each 
article according to the model (one way random, two way 
random, and two way mixed), type (absolute agreement, 
or consistency) and measure (single or average measure-
ments). Article demographics included objects of reliabil-
ity testing and subject numbers were archived, and other 
concurrent statistical methods for reliability testing were 
recorded.
In the second part of the study, 3 representative 
physical examinations (popliteal angle,
8) the Th  omas  test,
9) 
and the Staheli test
10)) were performed by 3 orthopedic 
surgeons (with 10, 9, and 7 years of experience respec-
tively) on the 30 patients with cerebral palsy. Th  e  Th  omas 
test and the Staheli test are 2 diff  erent methods of measur-
ing hip flexion contracture, whereas popliteal angle is a 
measure of hamstring tightness. All 3 measurements were 
expressed in degrees and represented primarily the ranges 
of motion of hip and knee joints. The physical examina-
tions were based on consensus building, and angles were 
measured using a standard goniometer. Interobserver reli-
abilities were analyzed using various statistical methods, 
which had been used in the orthopedic articles identifi  ed 
in the first part of the study, namely, ICCs, standard er-
rors of measurement (SEM),
11) mean absolute diff  erences 
(MAD),
12) and coeffi   cients of variation (CV).
13) ICCs were 
calculated for all possible combinations of model, type, 
and measure.
Th   ird, a total of 9 data sets were generated based on 
Fig. 1. Intra-class correlation coefﬁ  cient (ICC) is deﬁ  ned by the presented 
formula using between-target mean square (BMS), within-target mean 
square (WMS), and number of observers (k). BMS represents true subject 
variability, and WMS represents measurement error.151
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a multivariate normal distribution. We increased within-
group variation by infl  ating the diagonal term of a covari-
ance matrix, and consequently it resulted in increasing 
ranges. The off-diagonal terms were modified to affect 
between-group variation. While a slope of one observer is 
fi  xed, slopes of others were gradually increased compared 
to the reference slope (Fig. 2).
14-16)
Statistical Methods
In order to perform the article review, data description 
was primarily performed because this study included all 
possible data rather than a representative sample. For reli-
ability testing of artifi  cial data, ICCs with 95% confi  dence 
intervals were assessed with the setting of absolute agree-
ment and single measurement. To determine the interob-
server reliabilities of physical examinations, ICCs were 
calculated using all possible models (one way random, two 
way random, and two way mixed eff  ect model), type (con-
sistency/absolute agreement), and measure (single/aver-
age measurements). SEM, MAD, and CV were calculated 
for the reliability testing of physical examinations. Means, 
standard deviations (SD), and ranges of measurements 
were presented for physical examination data. Data gener-
ated by a simulation was obtained from the process of pro-
Fig. 2. The data sets were simulated to imitate physical examination situation. We intended to vary the ranges and variability of the data 
simultaneously. Intra-class correlation coefﬁ  cient (ICC) is associated with between-group variation and within variation-group. The left lower panel (Data 
7) was taken as the reference where means of observers were determined to be 45, 50, and 55 and we increased within-group variation horizontally and 
between-group variation vertically so that a total of nine data sets were generated based on a multivariate normal distribution. We increased within-
group variation by inﬂ  ating the diagonal term of a covariance matrix, which was shown in horizontal direction and consequently it resulted in increasing 
ranges. The off-diagonal terms were modiﬁ  ed to affect between-group variation. While a slope of one observer is ﬁ  xed, slopes of others were gradually 
increased compared to the reference slope and its trend was presented in vertical direction.152
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ducing a multivariate normal distribution.
14-16) Statistical 
signifi  cance was accepted for p < 0.05. 
RESULTS
One hundred and forty-three orthopedic articles were 
found to use ICC for reliability testing. Of these, 4 review 
articles and 5 articles written in languages other than 
English were excluded. Of the remaining 134 articles, 42 
articles that were not registered in the JCR 2008 were ad-
ditionally excluded. Finally, 92 original orthopedic articles 
were found to meet our inclusion and exclusion criteria 
(Fig. 3). These articles were published between January 
1992 and May 2010. Thirty-six (39%) articles primarily 
evaluated the reliabilities of radiographic measurements, 
31 (34%) articles the test-retest reliabilities of a scoring 
system (questionnaires), 15 (16%) articles physical exami-
nations, and 10 articles the reliabilities of other devices 
and classifi  cations. Th   e mean number of subjects used for 
reliability testing in these studies was 71 (SD, 97; median, 
40; range, 5 to 610). 
Of the 92 articles, 58 (63%) did not clarify the ICC 
model used in the text. Th   e models, types, and measures 
used were clearly declared in only 5 (5%) of the articles 
(Table 1). Concurrent statistical methods used with ICC 
for reliability test included SEM, MAD, and CV.
In the second part of the study, 30 patients with 
cerebral palsy (mean age, 12.5 years; SD, 7.7) under-
went physical examinations. Th   ere were 18 males and 12 
females. Of the physical examinations, popliteal angle 
showed greatest interobserver reliability in terms of ICC 
values, followed by the Thomas test, and the Staheli test. 
SEM and CV showed reverse orders in these 3 physical ex-
aminations. Mean absolute diff  erence was highest in pop-
liteal angle and smallest in the Th   omas test (Table 2). Th  e 
one way model, absolute agreement, and single measure-
ment yielded lower ICC values than the two way model, 
consistency, and average measurement.
Th   e simulated data sets showed that the ICC values 
were aff  ected by the ranges and slopes of the data sets as 
well as the measurement errors. Th   e ICC of the data sets 
with smaller interobserver measurement error, wider 
ranges and parallel slopes showed higher values (Table 3). 
Th  e  fi  xed model and average measures of the ICC showed 
higher values than the random effect model and single 
measures.
DISCUSSION
A considerable number of original orthopedic articles 
using ICCs were found not to clarify the models, types, 
or measures used. The majority of orthopedic articles 
that used ICCs evaluated the interobserver reliabilities of 
radiographic measurements, the test-retest reliability of 
scoring system (questionnaires), and physical examina-
tions. When interobserver measurement errors remained 
stationary, ICCs increased in line with increasing true 
subject variability. Reliability testing of physical examina-
tion results using several methods revealed that the popli-
teal angle showed the highest ICC values, followed by the 
Th   omas test, and the Staheli test. However, the mean abso-
lute diff  erence was smallest for the Th   omas test, followed 
by the Staheli test and popliteal angle. Furthermore, the 
ICC values were aff  ected by ranges and slopes of the data, 
Table 1. Declaration of Models, Types, and Measures in Using 
Intraclass Correlation Coefﬁ  cient among 92 Finally Included 
Articles
Declaration No. of articles
None 58
Only models 20
Only types   0
Only measures   0
Models + types   6
Models + measures   2
Types + measures   1
All   5
Fig. 3. Of the 143 orthopaedic articles using intra-class correlation 
coefﬁ  cient (ICC), review articles, articles in other languages than English, 
and the articles not registered on the Journal Citation Report (JCR) index 
were excluded. Finally 92 articles were included.153
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and diff  ered according to the diff  erent models, types and 
measures.
Before discussing the implications of our results, 
we need to address the limitations of this study. First, our 
review of previous orthopedic research that investigated 
reliability using ICC showed that the majority of articles 
did not clarify models, types, and measures. Th  ese  articles 
might have used ICC appropriately, and the results might 
Table 2. Reliability of Physical Examinations Evaluated by Various Statistical Methods
Popliteal angle Thomas test Staheli test
Mean (
o) 47.6 4.7 2.5
SD (
o) 15.2 5.9 8.8
Range (
o) 8-80 0-20 −17-28
Intraclass correlation coefﬁ  cient
Two way random
Consistency/average 0.881 (0.794-0.936) 0.742 (0.552-0.860) 0.463 (0.067-0.708)
Consistency/single 0.713 (0.562-0.829) 0.490 (0.291-0.672) 0.224 (0.023-0.447)
Absolute/average 0.880 (0.792-0.935) 0.742 (0.553-0.860) 0.464 (0.070-0.708)
Absolute/single 0.710 (0.560-0.826) 0.490 (0.292-0.671) 0.224 (0.024-−0.447)
Two way mixed
Consistency/average 0.881 (0.794-0.936) 0.742 (0.552-0.860) 0.463 (0.067-0.708)
Consistency/single 0.713 (0.562-0.829) 0.490 (0.291-0.672) 0.224 (0.023-0.447)
Absolute/average 0.880 (0.792-0.935) 0.742 (0.553-0.860) 0.464 (0.070-0.708)
Absolute/single 0.710 (0.560-0.826) 0.490 (0.292-0.671) 0.224 (0.024-−0.447)
One way random
Average 0.880 (0.792-0.935) 0.742 (0.553-0.860) 0.464 (0.072-0.708)
Single 0.709 (0.559-0.826) 0.489 (0.292-0.671) 0.224 (0.025-0.447)
Standard error of measurement 0.112-0.175 0.590-0.830 2.02-2.43
Mean absolute difference 9.4 3.6 6.1
Coefﬁ  cient of variation (SD/mean)   0.32   1.16   2.76
Table 3. Simulated Data Sets Generated Using Multivariate Normal Distribution
Data 1 Data 2 Data 3 Data 4 Data 5 Data 6 Data 7 Data 8 Data 9
Observer, mean (SD)
1 30.7 (3.2) 32.0 (10.6) 29.0 (18.3) 29.8 (2.7) 29.7 (8.9) 33.8 (20.5) 44.9 (3.4) 46.5 (9.0) 45.1 (21.2)
2 45.8 (4.6) 48.1 (16.0) 43.3 (27.3) 38.7 (3.5) 38.4 (11.5) 43.8 (26.5) 59.9 (3.4) 51.5 (9.0) 50.1 (21.2)
3 61.1 (6.4) 64.1 (21.1) 57.9 (36.4) 50.8 (4.5) 50.3 (15.2) 57.5 (34.8) 54.9 (3.4) 56.5 (9.0) 55.1 (21.2)
Intra-class correlation coefﬁ  cients (random/mixed)
Single 0.084/0.883 0.461/0.898 0.713/0.897 0.098/0.924 0.539/0.930 0.792/0.934 0.319/1.0 0.764/1.0 0.947/1.0
Average 0.215/0.958 0.719/0.963 0.882/0.963 0.247/0.973 0.778/0.975 0.919/0.977 0.584/1.0 0.907/1.0 0.982/1.0154
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have been exaggerated. However, we intended to shed light 
on the diffi   culties of interpreting reliability results without 
information on ICC models, types, and measures, because 
the ICC values could be dependent on these factors. Sec-
ond, our article inclusion criteria required an affiliation 
or author’s title with an ‘orthopaedic surgery’. However, 
orthopedic articles sometimes include those produced 
by other departments than orthopedic surgery, and were 
excluded from the study. Th   ird, our physical examination 
data was used for reliability testing purposes, and thus, 
we remind the reader that this study was designed for re-
search purposes and not for clinical orthopedic purposes.
In interobserver reliability of physical examinations, 
the one way random effect model, absolute agreement, 
and single measurement yielded lower ICC values than the 
two way fi  xed eff  ect model, consistency, and average mea-
surement. Th   is suggests that ICC values produced during 
reliability testing could not be interpreted appropriately 
if the authors do not declare the ICC models, types, and 
measures used. Furthermore, an appropriate model, type, 
and measure should be selected based on the context of 
the investigation envisaged when using ICCs for reliability 
testing. We believe studies that use ICCs for reliability test 
need to declare the ICC model, type, and measures used.
During the physical examinations conducted in this 
study, three orthopaedic surgeons took measurements of 
30 patients after consensus building to reduce measure-
ment errors. Of the 4 reliability test methods, only mean 
absolute difference showed a direct measurement error. 
We believe that the 3 physical examinations represented 
similar dimensions (joint range of motion). Even though 
the mean absolute diff  erence of popliteal angle was larger 
than the Th   omas and the Staheli test results, the ICC value 
popliteal angle was higher. Th   is means that popliteal angle 
showed higher ICC values than the Thomas and Staheli 
tests despite its greater measurement error when evaluat-
ing a similar dimension. Th   is disparity between ICC and 
mean absolute diff  erence showed that ICCs do not always 
reflect the clinical implications of measurement errors. 
We believe that it is unreasonable if ICCs used to measure 
reliability in a similar dimension produces values contrary 
to the mean absolute difference values. To compensate 
for this weakness of ICCs, other relevant data or methods 
representing measurement errors directly, such as, mean 
absolute diff  erence and categorization at the relevant cut-
off   values,
17,18) might need to be included when reliabilities 
are investigated using ICCs in orthopedic research. We 
believe that this would help readers interpret reliability 
results more comprehensively in terms of their clinical and 
statistical relevance.
In the simulated data, the ICC values could be af-
fected by factors other than the measurement error itself. 
Although it is believed that the ICC is the most widely 
used statistical method for testing the reliability in ortho-
paedic research and has been found to be useful, there 
could be pitfalls when using the ICC. Other statistical 
methods might need to be incorporated when using the 
ICC and a further investigation will be needed to improve 
the ICC.
Finally, here we present guidelines for the use of 
ICCs in orthopedic research: 1) ICCs values can differ 
and depend on model, type, and the measures used, and 
therefore, this information should be provided in the text 
to prevent misinterpretations. 2) ICC values are some-
what sensitive to subject variability, which could lead to 
diff  erent values even for the same measurement errors in 
similar dimensions. Th   us, measurement ranges need to be 
more clearly presented with ICC values in the reliability 
tests. 3) ICC values are dedicated to statistical applications, 
which sometimes make clinical interpretations of ICC val-
ues diffi   cult. Other methods evaluating clinical relevance 
of measurement error should be incorporated into ICC 
based reliability tests.
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